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FOREWORD

This report summarizes the work accomplished by the Aircraft Division of
Northrop Corporation, Hawthorne, California, for the Air Force Flight Dynamicse
Laboratory, AFSC, Wright Patterson Air Force Base, Ohio, wider USAF Contract
No. ro3815-69-C~1602 (Project 698 BT). This document constitutes the Final
Report under the contract.

This work was accomplished during the period 1 May 1969 to 31 January 1972,

and this report was released by the authors in January 1972. The Air Force Project
Engineers were Mr. Robert Nicholson and Mr. Henry V. Woolard of the Control
Criteria Branch, Flight Control Division, A™"FDL. Their assistance in monitoring
the work and providing data is greatly appre:iatea.

This technical repert has been review % and is approved.
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Chief, Control Criteria Branch
Flight Control Divisicn
Air Force Flight Dynamics Laboratory
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ABSTRACT

Analytical engineering methods are developed fcr use in predicting the static
and dynamic stability and control derivatives and force and moment coefficients of
lift-jet, lift -fan, and vectored thrust V/STOL aircraft in the hover and transition
flight regimes. The methods take into account the strong power effects, large
variations in angle of attack and sideslip, and changes in aircraft geometry that are
associated with high disk loaded V/STOL aircraft operating in the aforementioned
flight regimes. The aircraft configurations studied have a conventional wing,
fuselage and empennage. The prediction methods are suitable for use by design
personnel during the prelimimary design and evaluation of V/STOL aircraft of the
type previously mentioned.

This report consists of four volumes. The results of a literature survey are
presented in this volume. The theoretical development of the prediction methods
may be found in Volume I, The methods are applied to a number of V/STOL con-
figurations in Volume II. Details of the computer programs associated with the

prediction methods are given in Volume III.
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SECTION I

INTRODUCTION

This volume is the fourth and final volurae treating V/STOL aerodynamic
prediction methods. The results of an extensive literature survey are presented
in this volume. The objective of the literature survey was to investigate the avail-
able data relevant to the three V/STOL aircraft concepts being studied under this

program and to identify areas for wkich further wind tunnel test data were required.

This information would then be used to define a wind tunnel test program which
would generate the required data. The data obtained from this test program,
together with data already available, "would be used to validate and/or modify the
prediction methods developed during the investigation.

The majority of the reports were collected following literature searches
carried out by the ]Sefense Documentation Center and the NASA Scientific and
Technical Information Facility. Those searches of the literature were made in
May and June of 1962, Although reports pertaining to wind wunnel test data were of
pri.v wterest, searches were also made t5 identify relevant flight test data and
theoretical aerodynamic prediction methods. Additional reporis were made avail-
able by Air Force Flight Dynamics Laboratory and NASA Langley Research Center
personnel. Some reports were also available from previous literature reviews by
Northrop personnel.

With the application of the literature survey to the aerodynamic prediction
methods in mind, the survey wzs broken down into two general areas:

1. Literature relevant to aircraft components.
2. Literature relevant to aircraft concepts.

The literature dealing with aircraft components is discussed in Section II of
this volume. The literature survey has been organized to parallel the methods de-
velopment presented in Volume I. Thus, sub ‘ections on the literature treating wing,

body, engine inlet and jet exhaust may be found in Section II.
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The V/STOL concepts studied in this investigation have been the lift-fan, lift-
jet and vectored thrust concepts. Consequently, Section III includes a discussion of
the literature pertaining to each of these concepts.

A summary table, indicating the primary areas of investigation or analysis,

of the more applicable of the references is given in an Appendix.

The literature survey was completed in October 1969 and was first published
in the Interim Report, Northrop Report NOR 70-121, in June 1970, Since that time,
further publications, relating to this investigation, have appeared in the literature.
No attempt has been made to incorporate these additional reports into the summary
tables, However, they have been included in the list of references as References 278
through 315.
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LITERATURE ON AIRCRAFT CCMPONENTS

1. WING EFFECTS

The references dealing with the aerodynamic characteristics of the wing can be
separated into those treating the power effects and those dealing with nonlinear wing
aerodynamics. The references dealing with the power effects are discussed in
Sections I1. 3 and 11, 4.,

a. Nonlinear Aerodynamics

Reference 55. - A nonlinear theory of small aspect ratio rectangular wings is
presented, In this theory, the wing is divided, along the span, into a number
of equal panels. The vorticity for each panel is concentrated on a line at the
quarter chord of the panel. The vorticity is assumed to be constant along the
wing span, The tip vortices are assumed to be rectilinear and directed along
the local flow velocity vectior at the trailing edge of the wing. The intensities
c. the vortices are determined from the boundary conditions (no leakage
condition) on the three-quarter chord lines of each panel. Calculations of the
aerodynamic characteristics of the proposed method agree quite well with
test data for a wing having an aspect ratio of unity. For a wing with an aspect
ratio of five, the stall behavior of the wing is not correctly calculated by this
approach,

Reference 72. - Semispan-wing models were tested at angles of attack from 0°
to 180° at low subsonic speeds. Eight plan forms were considered, both
swept and unswept with aspect ratios ranging from 2 to 6. Except for a delta-
wing model of aspect ratio 2, all models had a taper ratio of 0.5 and an NACA
64A010 airfoil section, The delta-wing model had an NACA 0005 (modified)
airfoil section, With two exceptions, the models were tested both with and
without a full-span trailing-edge flap deflected 25°. The Reynolds numbers
based on the mean aerodynamic chord were between 1., and 2. 2 million.

Lift, dras, and pitching-moment coefficients are presented as "'inctions of

angle of attack.




Reference 113. ~ Presented in this report is &« comprehensive revicw of w2
existing technical literature and a design summary ~f stall characteristics
applicable {0 light straight wing aircraft. These characieristics are obtained
with the aid of a digital computer program which vtilizes iethods employing
lifting line theory and the available experimental test data for wing section
characteristics. The computer results are presented in the form of stall

charts suitable for preliminary design purposes.

Reference 201. - Information from the literature and from recent investigations
is used to summarize briefly the effects of airfoil section parameters and flow
variables on the aerodynamic characteristics of two-dimensional symmetrical
airfoils at high angles of attack. The results presented indicate that airfo’i
thickness ratio, Reynolds number, Mach number, and surface roughness can

all have an important effect on the maximum lift coefficient. The effect of
surface roughness seems to be particularly important. Not only can surface

roughness cause large decreases in maximem lift coefficient, but also the
magnitudes of the effects of Reynolds number, Mach number, and airfoil
thickness ratio are much reduced by surface roughness. Beyond the stall,
changes in section thickness ratio appear to have little effect on the aerodyna-
mic characteristics of airfoil sections. An investigation of one section through
an angle of attack range of from 0°te 360° shows that the drag coefficient
reaches n value of 2 at an angle of attack of 90°,

Rererence 202. - The results of an investigation of the two-dimensional
aerodynamic characterlstlcs of 15 NACA airfoils at four Reynolds numbers
from 2.0 X 10 to 0.7X 106 are reported in this reference. These data,
together with those from previous NACA papers for the same airfoils at three
Reynolds numbers from 3.0 X 106 10 9.0 X 106, are presented and analyzed
in the present paper. The airfoils investigated consistec of 10 systematically
varied NACA G-series airfoils and 5 airfoils of the NACA 4- and 5-digit series,
The NACA 6-series airfolls had thickness ratios varying from 9 to 18 percent
of the chord, design lift coefficients varying from 0 to 0.6, and positions of
minimum pressure on the basic thickness form at zero lift varying from 30

to 60 percent > the chord, The NACA 4- and 5-digit-series sections in-
vestigated consigted of the NACA 0012, and the NACA 44- and 230-series
sections of 12 percent and 15 percent thickness., The tests were made for both

smooth and rough surface conditions and also included the determination of




the effectiveness of the different airfoils at various Reynolds numbers when
equipped with split flaps.

The results of the investigation indicate that the drag coefficient at the design
lift coefficient and the maximum lift coefficient are the important aerodynamic
characteristics which are most affected by variations in the Reynolds number
between 9.0 X 10° and 0.7 X 10%. For each of the 15 airfoils in both the
smooth and rough surface conditions, the drag coefficient at design lift
increased as the Reynolds number was Jowered from 9.0 X 106 t00.7X 106.
For the smooth NACA 6-series airfoils the magnitude of this increase became
larger with increasing airfoil thickness and with rearward movement of the
position of minimum pressure on the basic thickness form at zero lift. 1In the
rough sur.ace condition and at the lower Reynolds numbers in the smooth
surface condition, the saving in minimum drag to be derived from the uzse of
NACA 6-series as compared with NACA 5-digit series airfoil sections disappears.
Decreasing the Reynolds number from 9.0 X 106 t00.7X 106 caused reductions
in the maximum lift of all the airfoils in both the smooth and rough surface
conditions, The magnitude and character of this reduction varied rather

incongistently with airfoil design and surface condition, however, so that the

comparative merits of a group of airfoils changed markedly and in 4 rather

unpredictable manner with Reynolds number and surface condition.

Reference 236. - Two analytical methods are presented for determining the
spanwise lift distribution, One method is a lifting surface theory and the
other a lifting line method. Calculations using the two methods are compared
and show that the lifting line method, which takes much less computational

time, agrees exiremely well with the iifting surface theory.

Reference 237, - A method is presented which allows the use of nonlinear
gection lift data in the calculation of the spanwise lift distribution of unswept
wings with flaps or ailerons. The method is based on lifting-line theory and is
an extension to the method of Reference 239. A few comparisons of calculated

lift and stall characteristics with experimentally ob ained data are shown.

Reference 239. - A method is presented for calculating wing characteristics
by lifting-line theory using nonlinear section lift data. Detailed examples are

given for symmetrical lift distributions. Calculated wing characteristics are

compared with test data and agree very well for the range of angle of attack

consideved (0°s a5 20°).




Reference 24¢. ~ The experimental and calculated aerodynamic characteristics
of 22 tapered wings are compared. The wings have aspect ratios from 6 to 12
and taper ratios from 1.6 : 1to 5 1. Some of the d=ta are relevant to the
nonlinear angle of attack range.

Reference 241. - The aerodynamic characteristics of the NACA 0012 airfoil
section were obtained at angles of attack from 0°t0 180%. The tests were
conducted in a low turbulence pressure tunnel at Mach numbers no greater than
. 15,

Reference 258. - Semi-empirical methods are given for determining wing lift

and pitching moment in the nonlinear angle of attack range.

2. BODY EFFECTS

The references dealing with body aerodynamics can be separated into those
treating power effects and those dealing with nonlinear hody aerodynamics.

a. Power Effects

Reference 75. - Data from tests of a wing-body configuration with a fan

mounted in the fuselage are presented. Power-on and power-off pitching
moraent, normal force and axial force were obtained and comparisons made
to determine scale effects and wall effects. Some pressure information on the
fuselage was obtained. '

Reference 76. - A configuration of a jet in a fuselage at two locations, with

' 1
and without a wing attached, was tested. Pitch plane forces and moments were
obtained. No inlet effects were determined.

Reference 77. - Test results for a fan-in-fuselage with power on aﬁd power
off are presented. Pitch plane forces and moments are given. Comparisons
with theory, which treats the configuration as a thin cylindrical ducted fan,
are made. Poor correlation is obtained at high forward speeds.

Reference 163. - The resuits of static bench tests for jet and inlet with wing
and fuselage are presented. Only tkrust and temperature data ace giveﬁ.

These tests were conducted primarily to examine ground effects.,

6




b. Nonlinear Aerodynamics

Reference 90. - Test results for non-aerodynamic shapes, such as parallele-
pipeds and cylinders, are presented. This investigation has little applicability
to the present study.

Reference 224. - This reference presents vorticity measurements for an
ellipsoid of revolution at low angle of attack.

Reference 225. - Drag measurements for a circular cylinder started impulsively
from rest are presenied. This reference alsc presents the drag due to arbi-
trarily positioned vortices near a circular cylinder.

References 234 and 242 document methods for tracking vortices in the presence
of a cylindrical body (Ref 242), and a body with an elliptical cross section

(Ref 234). The analytical treatment of the bodies is restricted to simple
shapes. The vortex tracking method of this study is essentially an attempt to
extend the same concept to general body shapes.

References 243, 258 and 259 are simplified methods of producing body non-
linear aerodynamics. They utilize slender body theory results and the viscous
crossflow concept for nonlinear forces and moments, These methods are

limited to bodies of revolution, primarily.

3. INLET EFFECTS
Experimental data are available for three types of lift~fan configurations:

fan-in-fuselage; fan-in-wing; and fan-in-semi-span wing.

References 71. 75, 166, 169 and 189 present data for fan-in-fuselage models.
The reports cover one configuration which was tested with various inlets and
in two model scales. TLe gingle fan is located at the intersection of the wing
gquarter-chord and the fuselage centerline. Al‘ tests yielded force data and
fuselage pressure data. References 75, 166, 169 and 189 contain data on in-
stalled fan performance. Wing component lift is presented in References

75, 169 and189.

References 78, 81, 151-153, 186 and 261 present results of tests involving
fan-in-wing configurations. References 78 and 81 present data for a swept
wing model with two to four fans located at the trailing and/or leading wing
roots. The XV-5A configuration is discussed in References 151-153, Test

results for a snoulder-wing, twin-fan configurativn are found in Refs. 186




and 261. All tes:s present data on overall model forces and on installed far
performance. Reicrences 81, 151-153, 186 and 261 also give wing pressure
data.

References 166 znd 267 discuss tests of si.gle fan, eemi-span models. The
wing of Reference 267 contains a compa- atively crude fan. Basic force data
are presenied, as well as a limited a.nourt of pressure data. Additional tests

of complete configurations are discassed in other sections of this report.

Documented analytical methods fc r fan-in-wing configurations are of two types:
those employing two-dimensional conformral transformation techniques; and, those

involving complicated three-dimens.onai potential flow computer programs.

References 1, 4, 10 and 5, doccument potential flow analyses. All involve the
use of complex variable ana'ysis and conformal transformations. Reference 56
gives a detailed discus-.ion of the applicability of the Kuvtta condition at the
trailing edge of the 2i -foli. and demonstrates that the form of the two-
dimensional solution can be made to fit three-dimensional data. The two-~
dimensional analys‘s cf Reference 1 is extended to finite wings in Reference 4,
by means of liftins, lirte theory. Quantitative results are poor. It may be that
this results from difficulties in representing the jet in two-dimensional
potential theory. or it may be the result of the two-dimeasional inlet flow

which yields irco rect section lift.

References 94, 127 and 250 describe the use of computer techniques to
simulate thiee -dimensional flow about arbitrary lift-fan configurations by
means of surce panels and vortex lattices. Results are ir good agrecment
with data.

Reterences 230 and 268 present inlet analvses based upon simple momentum

theory. R:asonably accurate results are obtzined.

Refer:mces 7 and 57 apply two-dimensional and three-dimensional flow
analysis to inlet distortion studies. These ar< of limited value to the present

investigation,




4. JET EXIT EFFECTS

Yor tiie purposes of this investigation, interest is centered on the interference
effects due to a jet efflux which is directed at large angles both to a crossflow and
to a supporting system, which may consist of a wing, body or flat plate.

The relationship between the crossflow and jet exit veiocity defines two major
areas of interest The condition of a very sma:l crossflow, wher. compared with the jet
exit velocity, is termed the hover phase. 1ie condition of comparable magnitudes of
crossflow and jet exit velocities is called the transition phase.

a. Hover Phase
References 78 and 216 indicate that for an aircraft hovering out of ground

effect, the jet-induced lift loss is a function of overall planform area and the
rate of mixing of the exhaust gases and the surrounding air. An expression
for the relationship between the decay of the jet and the induced loads is

is presented in References 78 and 216. Reference 216 shows that the lift lcss
is a linear function of the square root of the planform to jet area ratio, as well

as being a function of th:- jet decay characteristics.

A considerable amount of experimental data is available for the case of a single
jet , or a cluster of jets, emerging from the central area of a wing or body in ground
effect. For a single jet, the jet efflux entrains the free air between the lower surface
of the wing-body and the ground, and the resulting induced velocities tend to incrcase
with decreasing ground clearance. Surface pressures well below ambient are thereby
generated on the lower surface, producing significant reductions in the net upward
thrust.

References 174, 216, 220, 221, 232 and 264 concern themselves with eval -
uating the loss of effective jet thrust caused by the induced pressure forces
on supporting structures in ground proximity. Several simple p'anforms
(eircular, rectangular and triangular plates) as well as models of VTOL

airframes are studied. Single and multiple circular and rectangular jets

are considered

Reference 220 presents a method for cerrelati., test data for single, centrally
located jets . The use of this method for eorrelating data from full-scale

tests, using hot jets. 1s justified in Reterence 2052,

9




Reference 264. - The problem of scaling is investigated further for a two-jet
configuration.
Further investigations relevant to the hover phase are documented in Refererces
59, 165, 210, 217, 223 and 266. Details of those tests and others are given in
summary form in Table 1. Survey papers are presented in References 78, 256, 262
and 263.

bh. Transition Phase

A summary of the available data is shown in Table JI. The test data may be

classified in two categories:

1. Data for a single jet exhausting from a flat plate simulating an
infinite plane boundary.
2. Data for multiple jets in a wing body configuration.

References 252, 228, 245, 246 and 274 present jet centerline data for single

jets exhausting normally from a flat plate.

References 271, 272 and 275 present data on the jet centerline for single

jets exhausting at various angles to the crossfiow.

References 184, 211, 246 and 274 give data for the piate pressure coefficients
and References 246, 274 ard 275 define certain features of the flow using

visualization techniques.

The literature search identified a lack of data on plate pressure coefficients
for single jets exhausting at angles other than Y0 to the crossflow. No data of any

kind for multiple jets exhausting from a flat plate was located.

Multiple-jet data for jets exhausting from wings, bodies, or othér configurations
are presented in References 5, 30, 34, 76, 193, 214, 217, 228 and 270. A summary
o' the test data obtained is included as part of Table 1I.

The analytical investigations have been directed toward ohtaining the jet
deflection and deformation. There have been basically three approaches to the problem

of obtaining the jet centerline. They are;

1. An inviscid model 1n which the jet boundary is veplaced by a vertex

sheet which at time t 015 {ixed and 1s then allowed *o deform

10




freely. Time is then related to distance along the jet through the
jet velocity (References 231 and 276).
. A model which assumes that the deflection of the jet is due to a cross
flow drag force (References 206, 226, 255, 265 and 272).
3. A model which assumes that the jet is deflected due to both a cross
flow drag force and viscous entrainment of cross flow fluid
(References 227, 228, 271 and 274),

™~

References 56, 94, 95, 120, 127, 226, 228, 250, 251 and 255 investigate the
cemputation of the aerodynamic characteristics of an aircraft component which
contains a jet exhausting at an angle into the freestream.

References 12, 23. 38, 123, 203, 256 and 263 are review papers covering the
problem area and contain test data and analytical results.

Cornference proceedings relating to the subject may be found in References 78,
262 and 149.

11




TABLE 1. SUMMARY TABLE FOR HOVER PHASE
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TABLE II. SUMMARY TABLE FOR TRANSITION PHASE
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34 1961 WING-BODY X 1 IN, OUT X
] 1965 VARIOUS X 1-5 IN, OUT X
36 1961 WING X X 1 out X
76 1963 VING X 1 ouT X
WING-BODY
78 1966 CONFERENCE PROCEEDINGS
9% 1968 WING X 1 IN, OUT
95 1967 VING X 1 ouT X
120 1968 FLAT PLATE X 1 IN, OUT X
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245 1963 FLAT PLATE| X X 1 ouT X
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SE CTTON III

LITERATURE ON AIRCRAFT CCNFIGUKATION CONCEPTS

This portion of the literature survey will be a discussion of the existing 2xperi-
mental and theoretical data pertineni to complete configurations of the three V/3TOL
concepts, lift-fan, lift-jet, and vectored thrust.

Included in this section are three tables which list and describ.: in detail the
applicable experimental reports pertaining to each of the V/STOL concepts. In con-
junction with these tables there are included three lists containing abstracts on each
of the aforementioned experimental reporis. The lists also contain abstracts on
reports which are not included in the experimental tables, but nevertheless are per-
tinent to the tnvestigation, such as theoretical and analytical reports,

The discussion will now be focused on each of the V/STOL concepts.

1. LIFT-FAN CONCEPT

An examination of Table III reveals that a great deal of time and effort has
been expended on this V/STOL concept, especially on the XV-5A program, Wind
tunnel tests have been conducted on three different lift-fan locations, in the wing,
fuselage, and fuselage pods. Iv addition to the normal six-c.mponent force and
moment data being obtained, there were tests conducted to obtain the local flow field
around the lift-fan location by static pressure recordings.

There are test data covering the hover, transition, and conventional speed
regimes for both wind tunnel models and full-scale flight aircraft. Data are available
I~r hover in and ont of ground effect, In addition, there are analytical reports which
contzin methods to predict the static and dynamic stability derivatives and also flight
test data to substantiate these predictions.

Abstracts of Lift~Fan Concept Reports

5.  Kuhn, R. E., McKirney, M. O., Reeder, J. P., Aerodynamics
and ¥lying Qualities of Jet V/STOL Airplanes, SAE Paper 8644,
Apri} 1961 (A64-20157)
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A summary of information on airplane aerodynamics, ground
effect, propulsion system aerodynamics, stability and control,
and flying qualities of jot V/STOL airplanes (both direct jet lift
and lift-fan configurations) is presented.

22, McKinney, M. O., Newsom, W. A., Fan V/STOL Aircraft,
New York Academy of Sciences, Annals, Vol. 154, Nov. 1968
(A69-15565)

A summary of information on airplaue aerodynamics, ground

effects, propulsion system aerodynamics, stability and control
of fan V/STOL aircraft (primarily ducted fan and lift-fan con-~
figurations) is presented.

36. Hall, L. P., Hickey, D, H., Kirk, J. V., Aerodynamic Charac-
terigtics of a Full-Scale Fan-in-Wing Model Inclnding Results
in Ground Effect with Nose-Fan Pitoch Control, NASA TN D-2368,
(* 54-28323)
Model had a mid-mounted wing of A.R. =3.1. Results cover the
fan-powered flight speed range from 0 to 100 knots. Longitudinal

and lateral~directional characteristics with and without fan ex~
haust vectoring, downwash at the horizontal tail, and the effects
on performance of exhaust gas reingestion are included. Installed
fan performance was measured for the fan-powered flight speed
range. Control power available by means of throttling lift-fan
exhaust and by modulating pitch-fan thrust is presented.

41.  Anon, Aerodynamics of Power Plant Installation, AGARDograph-103,
1965 {N66-22286)
A compilation of technical papers presented at the 1965 AGARD
meetire on The Aerodynamics of Power Plant Installation, Part 2.

Contents include discussions on air iniets and nozzles, airframe
propulsion system interference, VTOL propulsion including jet
lift intakes and exhausts, also lift-fan inlets and airframe VTOL

propulstion interference effects.

60. Goldsmith, R., Hickey, D., Characteristics of Aircraft with
Lifting-Fan Propulsion Systems for V/STOL, 1AS Paper No. 63-27,
Jan. 1963 (A63-11581)

Results from wind tunnel tests of several large-scale lifting-fan
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71.

78,

79.

81.

models (Refs. 36, 39, 71) are analyzed with respect to the irduced
lift, pitching moment, and flying qualities. Rudimentary methods
for estimatiﬁg induced lift and the thrust-drag relationship are .
also presented. :

deSavigny, R. A., Hickey, D. H., Aerodynamic Characteristics
in Ground Effect of a Large-Scale Mode! with a High Disk-Loading
Lifting Fan Mounted in the Fuselage, NASA TN D-1557, Jan. 1963
(N63-11617) '

Large~scale VTOL fan~-in-fuselage airplane model tested had a

shoulder-mounted unswept wing of aspect ratio 5. Characteristics
of the model with and without the horizontal tail were obtained with
the wing at 1.83 and 2.93 fan diameters from the simulated ground
plane iustalled above the wind tunnel floor. Test airspeeds ranged
from 20 to 80 knots, Longitudinal forces and moments, some in-
stalled fan performance, static-pressure distributions on the fuse-
lage, and downwash‘at the horizontal tail are presented.

Anon,’ Conference on V/STOL and STOL Ajrcraft, NASA SP-116,
April 1966 (N66-24606)

" A compilation of papers presented at the 1966 NASA Conference

on V/STOL Aircraft. Contents include discussions covering the

resulis of NASA research on problems associated with V/STOL
aircraft, such as, aerodynaniics and propulsion of helicopters and

propeller V/STOL, also lift-fan and lift-jet V/STOL aircratt.

Chambers, J. R., Kirby, R. H., Flight Investigation of Dynamic
Stability and Control Characteristics of a 0.18-Scale Model of a
Fan-in-Wing VTOL Airplane, NASA TN D-3412 (N66-32941)

A free-flight investigation of a 0. 18-scale model of the XV-5A was

made to study the stability and control characteristics during
hovering flight, both in and out of ground effect and fan-powered
low-speed forward flight. Data were obtained mainly from pilot

cbservations and from studies of motion picture records of the
flights., ‘

Hall, L. P., Hickey, D. H., Kirk, J. V.,lAerodyr.amic Charac-
teristics of a Large-Scale V/STOL Transport Model with Lift and
}_iift-Cruise Fans, NASA TN D-40692, Aug. 1967 (N67-33454)




82.

85.

A wind tunnel test of two configurations of 2 V/STOL transport
model powered by tip-turbine-driven fans, First configuration was
combination of two lift fans and two rotating cruise fans. Second
configuration consisted of four tandem mounted lift fans. Both
configurations used a high-mounted wing with an aspect ratio of
5.8, swept back 35° at the quarter-chord line, and a taper ratio

of 0.30. Aerodynamic characteristics, including force and moment
data, were obtained for the hover and low forward speeds. Some
fan exit pressures and wing surface pressure distributions were

al30 measured during the tests.

Hall, L. P., Hodder, B. K., Kirk, J. V., Large-Scale Wind
Tunnel Investigation of a V/STOL Transport Model with Wing-
Mounted Lift Fans and Fuselage Mounted Lift-Cruise Engines for
Propulsion, NASA TN D-4233, Nov. 1967 (N67-40198)

The low-speed aerodynamic characteristics of a laige -scale fan-

in-wing V/STOL transport model were investigated. The model
had six fans mounied " the wing and two lift-cruise engines moun-
ted forward of the wing in the fuselage. The high mou.ted wing
had an aspect ratin of 3.43, taper ratio of 0.47, and a 0.25 c
sweepback of 20°, Combination of 2, 4, and 6 fans were investiga-
ted as well as the chordwise position of the fans in the wing to
determine the interference effects of the flow field, The effects

of operating two lift-cruise engines in conjunction v:ith the six

lift fans were also studied.

Chambers, J. R., Grafton, S. B., Static and Dynamic Longitv-
dinal Stability Derivatives of a Powered 0.18-Scale Mode!l of a
Fan-in-Wing VTOL Aircraft, NASA TN D-4322, Feb. 1968
(N68-15894)

An investigation was conducted to determine the static and dynamic

longitudinal stability derivatives of a powered 0. 18-scale model of
the XV-5A for trimmed level flight at an angle of attack of 0".

The investigation covered a range of values of thrust and oscilla-
tory frequencies for the model with the horizontal tail both on

and off,
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106. Anon, Estimated Dynamic Stability Characteristics, G. E. Report
No. 151, Sept. 1964 (AD 639 235)
This report presents the dynamic stability characteristics of the

XV-5A lift-fan research aircraft based on theoretical and empirical
estimates of dynamic stability derivatives and static aerodynamic
characteristics derived from scale mode! wind tunnel tests. Ex-
cept for a presentation of the lift fan natural damping contributions
to flight in the lift-fan mode, the report is restricted to analysis

of conventional flight characteristics.

147. Parks, W. C., Swingle, R. L., Swope, W. A., XV-5A Aerodynamic
Propulsion Data Correlation and Characteristics Development Based
on Wind Tunnel Characteristics, Ryan Report No. 29467-1, July
1968 (AD 676 862)

This report contains the results of a wind tunnel and thrust stand

data correlation and characteristics generation program using data
from tests of the XV-5A lift fan research aircraft. The program
efforts were limited to the lift-fan mode of operation and were re-
stricted to correlation of longitudinal test data and to development of
longitudinal stability characteristics for calculated flizht conditions.
Data from five wind tunnel programs (majority of data correlation
utilized results from the Ryan 1/6-scale and NASA full-scale model
tests) provided the primary basis for the work, Longitudinal stability
derivatives for the XV-5A were developed and numerical values were
calculated for the fan mode of operation.

151. Anon, Wind Tunnel Test Report Conventional Model. Volume II.
Low-Speed Pressure and Hinge Moments, G. E. Report No. 141-
Vol. II, Jan. 1964 (AD 653568)
This report presents the results from wind tunnel tests of a 1/8-

scale conventional model of the XV~5A (M = 0. 285), Hinge moment

coefficients and pressure data in plotted and tabular form with

pertinent detail explanatory information are presented.

152. Anon, One-Fifth~-3cale Inlet Model Wind Tunnel Test Report,
Volume 11, G. E. Report No. 154-Vol. I, March 1915 (AD 617 335)

This report contains the tabulated pressure data from the low
speed tests (M =~ 0 to M - 0.2) of the XV-5A 1/5-scale inlet model.
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153.

154.

155.

156.

166.

Anon, Wind Tunnel Test Report, Lift Fan Powered Scale Model,

G. E. Report No. 137, Nov. 1963 (AD 647 386)

This report presenis the resvits of wind {unnel tests of a 1/6-scale
powered model of the XV-5A. Data were obtained to define the
static characteristics in and out of ground efiect; ae rodynamic
characteristics in forward flight for the transition, conversion, a!
low speed conventional flight modes; and flight characteristis at
low translational speeds near bovering in vertical, lateral, and
rearward directions. In addition, wing surface static pressures

and wing fan inlet closure door hinge moments were measured.

Anon, Estimated Static Stability and Control Characteristics,

G. E, Report No. 146, Marck 1964 (AD %39 236)

This report contains the estimated static stability and control
characteristics of the XV-5A. The estimates are based on theo-

retical and empirical considerations, including the results of 420
hours of wind tunnel tests of 1/8- and 1/6 scale models, and also
data from tests of a full-scale model similar to the XV-5A.

Anon, Phase I Flight Tests Results, Volume II, G. E. Report No.
166, Volume II, March 1965 (AD639 232)
This report presents the conventional flight test results (wing-

supported lift) of the XV-5A aircraft test program which was con-
ducted by the contractor. Ccntents include flight test plots on

thermodynamics, airplane stall performance, climb performance,
static longitudinal stability, static and dynamic lateral-directional

stability, and also control effectiveness.

Anon, Final Systems Analysis and Flight Simulation Report,
Volume II, G. E.Report No. 157, Volume II, March 1965

(AD 639 230)

This report presents the results and details of the XV-5A simu-

lation and analysis for the hover, transition, and conversion modes

of operation.

Przedpelski, Z. J., Results of Wind Tunnel Tests of a Full-Scale,
Fuselage Mounted, Tip Turbine Driven Lift Fan. Voiume III,
G. E. Report No. TR 61 15 V3, March 1962 (AD 275 711)

This report presents the results of wind tunnel tests of a full-scale




159.

1717.

178.

179,

VTOL airplane model with 2 fan-in-fuselage power planz. The
model had a shoulde r-mounted unswept wing with an aspect ratio
of 5.0 and taper ratio of 0.50. Contents inctude powered and un-
powered performance in and out of ground eflect, static longitudi-
nal stability, and STOL performance. Reference No. 71 presents
NASA data for same tests.

Auon, Results of Wind Tunnel Tests of a Fall-Scale Fuselage
Mounted, Tip Turbine Driven Lift Fan, Volume II, G. E. Report
TR 61 15 V2, April 1961 (AD 263 450)

This report presents the results of wind tunnel tests for the same
test program as Reference no. 166. The contents include more
conventional flight data than Reference 166, no ground effect, and
emphasis on the J85-7 generator performance.

LaPlant, P. C., Flight Ev:;luation of the XV-5A V/STOL Aircraft,
AFFTC-TR-6€-30, March 1967 (AD 810 922)

This report presents the results of a USAF flight evaluation of the
XV-5A aircraft. The primary emphasis is placed on the handling
qualities. Stability and control characteristics are presented for
the hover (in and out of ground effect), level flight performance,
transition regime, and STOIL. operation.

Anon, Wind Tunnel Test Report Conventional Model, Volume III.
High Speed (Mach = 0.4 to 0.9), G. E., Report No. 141, Volume III,
Jan. 1964 (AD 653 569)

This report presents the results of the high speed M =0.4 to

M =0.9) wind tunnel tests of the 1/8-scale conventional model of
the XV-5A. Six-component data plus wing and fuselage static
pressure data are contained in the report. Control suriace hinge

moment coefficients are also presented.

Anon, Wind Tunnel Test Report Conventional Model. Volume 1.

Low Speed Force and Moment Data, G. E. Report No. 141, Volume
I, Jan. 1964 (AD 653 566),

This report presents the results of the low speed (M =0, 285) wind
tunnel tests of the 1/8-scale conventional model of the XV-5A,
Static longitudinal, .ateral, and directional stability characteristics

are pr2sented along with the control effectiveness parameters.




180. Anon, Phase | Flight Test Results, Volume I, G. E. Report No.
16R, Volume 1, March 1966 (AD 639 231)
This report presents the resuits of flizht tests on the XV-5A con-
ducted by the contractor. The major portion of the tests is centered
on the fan-powered speed regime (hover to tramsition); performance,
stability and control (in and ont of ground effect), and tail downwash
are included in the report’s experimental plotted data.

182. Anon, Preliminary Pilot Qualitative Evaluation of the XV~5A
Research Aircrafi, AATA-AFB-Letter Report, Oct. 1965
(AD 623 514)
This report presents the results of the U. S. Army's Aviation
preliminary pilot evaluation of the X\ -5A. Coatents include pilot's

comments on the performance and bhandling qualities during hover-
ing (in ard out of ground effect), transition, and conversion speed
regimes., Some experimental data are presented.

186. Anon, Results of Wind Tunnel of a Tuli-Scaie Wing-Mounted Tip-
Turbine-Driven Lift Fan, ATRECOM TR 63-21, Sept. 1963
(AD 425 785)
This report presents the results of wind tunnel tests of a full-scale

fan-in-wirg model. The tests are the same as the tests of Reference
39. However, the results are more concerned with the fan charac-
teristics than the external aerodynamic characteristics reported in
Reference 39. Tabulated plus plotted data are presented.

189. Aoyagi, K., Hickey, D. H., deSavigny, R. A., Aerodynamic
Characteristics of a Large-Scale Mode! with a High Disk-Loading
Lifting Fan Mounted in the Fuselage, NASA TN D-775, Oct. 1961
AD 265 252)

This report presents the results of wind tunnel tests of a large-

scale fan-in-fuselage model. The longitudinal characteristics,
static pressure survey and horizontal tail downwash are presented
for the hovering and transition speed regimes, all out of ground

effect. The model is the same as the one used in Reference 71;
€ these tests were conducted prior to Reference 71.
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182, Maki, R L., Hickey, D. H., Aerodynamics of 2 Fan-in-Fuselage
Model, NASA TN D-789, May 1961 (AD 2556 074)
This report presents z limited analysis of the lorgitadinzl test
results of Reference 189. The primary emphasis is centered on

large pitching-moment variation with increase ip flight speed.
Very little qualitative and/or quastitative dzta are presented.

200. Aron, Fuill-Scale Wind Tuanel Test Report, G. E. Report No. 133,
June 796C (AD 654 043)
This report presents the results of full-scale XV-5A aircraft
wind tunnel iests performed a2t NASA Ames. The cantents irclude
power on and power off plotted data for the static longitudinal
characteristics, the static lateral and directional characteristics,

control effectiveness, and static engine thrust stand parameters.

207. Ferrell, K. R., Finnestad, R. L., et al, Engineering Flight
Research Evaluation of the XV-57, Part [ - Stability and Control,
Final Report, USAATA Repor:, 1966 (AD 800 937L

This report presents the results of the U. S. Army Aviation’s

engineering flight research evaluaticn of the XV-5A, The flying
qualities and the stability and control characteristics of the XV-5A
are evaluated in detail, qualitatively and quantitatively. Complete
plotted data in terms of iime history and control displacements are
presented for the fan-mode and jet-mode speed regimes. Pilots'
opinions are given for each aerodvnamic stability and control

criteria.

261. Hickey, D. H., Hall, L. P., Aerodvnamic éharacteristics of a
Large-Scale Model with Two High Disk-Loading Fans Mounted in
the Wing, NASA TN D-1650, Feb., 1963
Model has a shoulder-mounted wing of A. R. =3.5. Results

cover the fan-powered flight speed range from 0 to 100 knots.
Longitudinal forces and moments, pressure distributions, and
lateral forces and moments when the fans were throttled to give
control are presented. Installed fan performance over the per-
tinent speed range is presented for three inlets and with and with-

out fan exhaust vecioring.




2. LIFT-JET CONCEPT

An examination of Table IV reveals that the major testing conducted on this
V/STOL concept was centered o the XV—4A and XV-4B. ! is emphasized at this
point that the results of this literature survey are based on the reports available
and known tc exist at this time. The DDC and NASA literature sezrch services were
employed in this study. There are probably :ontractors’ test reports, both in the
United States and foreign countries, which are proorietary and therefore unavailable.
Consequently, only the available, existing reports are discussed in this literature
survey.

The normal six-component force and moment data have been measured for
the nover (in ané out of ground effect), transition, and conventionai speed regimes.
There has been no static pressure survey around the lift-jet or surrounding areas
in order to identify the local flow field in a complete configuration model.

There is a limited amount of analysis on the dynamic stability derivatives,
and a small amount of flight test data (all of these data are presented for the XV~A,
which employs an augmented jet ejector ard not ¢ lift jet).

Abstracts of Lift~Jet Concept Reports

5. Kuhn,” R. E., McKinsney, M. O., Reeder, J. P.; Aerodvnamics
and Flying Qualities of Jet V/STOL Airpianes, SAE Paper 864A,
April 1964 (A64-20157)

A summary of information on airplane aerodynamics, ground

effects, propulsion system aerodynamics, stability and controi,
and flying qualities of jet V/STGL airplanes (bothdirect jet lift
and lift-fan configurations) is presented.

30. Otis, J. H., Jr., Induced Interferznce Effects on a Four-Jet
VTOL Configriration with Various Wing Planforms in the Transi-
tion Speed Range, NASA TN D-1400, 1962 (N62-15319)

Wind tunnel results of a limited investigation with a simplified

model at zero angle cf attack to study the jet interference effects
in transition from hovering to forward flight out of ground effect.
A series of wings (5) were tested with a fuselage emgloying four
convergent nozzles to provide some preliminary data on the
effects of planform. Lut losses and nose-up pitching moments

were encouncered ai low forward speeds.
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59.

78.

80.

hwon, Aerodynamics of Power Plant Installation, AGARDograph-103,
1965 (N66-22286)

5 compilation of technical papers presented at the 1965 AGARD
meeting on The Aerodynamics of Power Plant Installation, Part 2,
Cortents trxclude discussions on air inlets and nozzles, airframe-

pricrision svstem interference, VTOL propulsion including jet
lift intaVes and exhausts, also lift-fan inlets and airframe VTOL
proj iiision interference efiects,

Shun.vert, P, K., Tibbetts, J. G., Model Tests on Jet Induced
Lift \: iects on 2 VTOL Aircraft in Hover, NASA CR-~1297, March
1969 | 169-21477)

Jet-induccd interference effects were investigated for a jet air-

craft i1 hovering flight using a scale model with numerous nozzle
configu. iticns (18) and model components. Interference loads and
jet deca; Jatz were obtained in and cut of ground effect to deter-
mine the ffects of various parameters on interference loads and
to assess a technique for correlating lift loss with jet decay

characteristics.

Anon, Conference on V/STOL and STOL Aircraft, NASA SP-116,
April 1966 (N66-24606)
A compilation of papers presented at the 1966 NASA Conference on

V/STOL Aircraft. Contents include discussions covering the

resulis of NASA research on protiems associated with V/STOL
aircraft, such as, aerodynamics and propulsion of helicopters and
propeller V/STOL. also lift-fan and lift-jet V/STOL aircraft.

Hickey, D. H. and Kirk, J. V., Full-Scale Wind Tunnel Investi-
gation of a VTOL Aircraft with a Jet-Ejector System for Lift
Augmentation, NASA TN D-3725, Nov. 1966 (67-32321)

Wind tunnel results of a full-scale XV-4A airplane to determine

its aerodynamic characteristics, including its ejector system,
ejector performance, longitudinal characteristics, lateral-
directional stability and control, and control power about all
three axes were determined at various airspeeds and control

settings through the transition flight regime.
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817.

88.

123.

Geutry, G. L. and Margason, R. J., Aerodynamic Characteristics
of a Five Jet VTOL Configuration in the Transition Speed Range,
NASA TN D-4812, Oct. 1968 (68~36021)

A wind tunnel investigation of a powered small-scale model of a
VTOL fighter counfiguration having three lift-jet engines in the for-
ward fuselage and two deflected lift-cruise engines in the aft
fuselage wus conducted to determine the aerodynamic characteris-

tics in the transition speed range and also gvound effect during
hover. The model was tested with three wing configurations and

up to three horizontal tail heights.

Winston, M. M., Wind Tunnel Data from a 0. 16-8cale V/STOL
Model with Direct-Litt and Lift-Cruise Jets, NASA TM X-1758,
March 1969 (N69-20016)

Wind tunnel results of a 0.16-scale XV-4B model to determine its

aerodynamic characteristics. Six cold air ejectors were used to
simulate four direct-lift and two lift-cruise jet engines. Longitu-
dinal and lateral-directional aerodynamic characteristics were
investigated for various model configurations, forward speeds, and
power conditions in the transition and cruise flight ranges. In
addition to control-effectiveness studies, the effects of power
variations for different lift-nozzle settings and the effects of height
above the ground were investigated. The data are presented with-

out analysis.

Williams, J., Wood, M., Aerodynamic Interference Effects with
Jet-Lift V/STOL Aircraft under Static and Forward-Speed Con-
ditions, RAE-TR-664-3, Dec. 1966 (AD 813 258)

The nature and magnitude of aerodynamic interference effects
which can arise with jet and fan-lift schemes for V/STOL aircraft
are considered. Particular attention is paid to adverse flows
which can be induced around the airframe by the jet or fan efflux
during V/STOL operation near the ground and during transition

to and from purely wing-borne flight. The discussion concer-

trates on the understanding and analysis of major azrodynamic
features rather than on optimization of specific aircraft layouts.
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Anon, Full-Scale Tests of the XV-4A Hummingbird in the Ames
40 x 80 Foot Wind Tunnel, G. E. Report No. ER-7634, Jan. 1965
(AD 654 783)

The results of the XV-4A Hummingbird tests in the Ames 40 x 80
foot wind tunne! (Reference 80) are presented and analyzed. The

41 runs made included pitch, yaw, and control effectiveness tests
in hover, transition, and conventional flight,

Nicholson, R., Lowry, R. B., XV-4A VTOL Research Aircraft
Program, USA-AVLABS TR-66-15, May 1966 (AD 635 106)
This report contains a description of the XV-4A aircraft and high-~

lights the aircraft design characteristics, aircraft systems, flight
test program, VTOL improvement program, and wind tunnel tests.

Martin, W. 0., Low-Speed Wind Tunnel Test Results of a 0.18 -
Scale Model of the XV-4A, Lockheed-Georgia Report ER 8677, 1966

This report presents the results from a wind tunnel test of 4 pro-

posed modification to the XV-4A airplane. The 0.18~scale model
was tested in the LTV low-speed wind tunnel. Six-component force
and moment data were recorded for the hover through transition
flight regimes. Six nozzles in the bottom of the model fuselage
were employed to simulate the exhaust of six jet engine:  No analy-
sis is presented.

Whipkey. R. R., XV-4B Wind Tunnel Tests of a 0.16-Scale Model
in the NASA Langley 7 x 10 Foot Wind Tunnel, Lockheed-Georgia
Report ER 9092, 1967

This report presents the contractor's results from a wind tunnel

test of a 0. 16--scale XV-4B model. Six-component data are pre-~
sented for the haover, transition, and conversion speed regimes.
Horizontal stabilizer and elevator effectiveness, rudder and aileron
effectiveness, with and without power, in and cut of ground effect,
are also presented. Very liitle analysis is presented.

Swain, W. N., Wind Tunnel Test of a 0.16~Scale XV~-4B Model

in the NASA Langley 17-Foot Low Speed Wind Tunnel and the 7 x 10
Foot High Speed Wind Tunne!, Lockheed-Georgia Report No, ER
9061, Sept. 1968

This report presents the contractor's results from two wind tunnel

3i




tests of a 0.16-scale XB~4B model at NASA Langley. The first
phase was conducted in a low speed tunnel to determine the power
effects on the aerodynamic characteristics in the conventional,
STOL, and hover modes of flight. Six-component force and moment
data were obtained in both pitch and sideslip. Ground effects were
Jdetermined for several model zttitudes. The second phase was
conducted in the high speed tunnel to determine the aercdynamic
characteristics in the conventional flight reg‘me (unpowered). Six-
compornent force and moment data ware acquired in both pitch and

sideslip.

3. VECTORED THRUST CONCE?PT

An examination of Table V reveals th=* only a small amount of experimental
testing has been conducted ou the complete configurations of this V/STOL concept.
Of the tests conducted. six-comporent force and moment data were obtained for the
hever (in and out of ground effect), transition, and conventional speed regimes.

Noticeably missing are static pressure surveys and tail downwash surveys.

Abstracts of Vectored Thrust Concept Reports

23. Wood, M. N., Jet V/STOL Aircraft Aerodynamics, New York
Academy of Sciences, Annals, Vo!. 154, Nov. 1968 (A89-15566)
This paper vresents a discussion of results »of the V/STOL Aero-

dynamic Research Program carried out in the low~speed tunnel's
division of the Royal Aircraft Establishment. Some experimental
aerodynamic data are presented for the P-1127 model and some
stability data are presenied for the Short S. C. -1 model.

34. Spreeman, K, P., Investigation of Interfer=nce of a Deflected

Jei with Free Stream and Ground on Aerodynamic Characteristics
of a Seraispan Delta-Wing VTUL Modei, NASA TN D-9.5 (N62-

71489)
This report presents the resuits from a NASA wind tunneil test of a

semispan delta wing VTOL model with a deflectad jet under the

wing. Sets of vanes atiached to the wing behind the jet deflected

the jet stream to different turning angles. Static tests were run

in and out of ground effect. Longitudinai aerodynamic characteristics

were obtained for various angles of attack and deflect.on angles.
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91.

117,

143.

Anon, Aerodynamics of Power Plant Installation, Agardograph-103,
1265 (N66-22286) :

A E:ompifation of technical papers presented at the 1965 Agard meeting
on The Aerodynamics of Power Plant Installation, Part 2. Contents
include a paper on the X-14A VTOL Flight Test and some data on

the P-1127.

Winters, C. P., The Approximate Longitudinal Stability Derivatives
of a Vectgred Thrust VTOL, AFIT Report No. GAM/AE/68-11, '
March 1968 (AD 833 396) '

This report pf‘esents the results of an analytical study to determine
the stability derivatives and the stability of the vectored thrust

airplane, P-1127. The performance, derivatives and stability
were determined for both an accelerating and non-accelératin;g
transition from hover to conventional flight. The results of the
accelerating transition were compared to values available from
Hawker Siddeley: ‘ ' "

McKinzie, G. A., Bradfield, E. N., Jr., Ludwig, J. H., Casey,
W. R., P-1127 (XV-6A) V/STOL Handling Qualities Evaluation,
AFFTC-TR-68-19, Aug. 1968 (AD 839 849)

This report presents'the results of a flight test program conducted
by the USAFFTC to evaluate the V/STOL flying and handling
qualities of the P-1127 (XV-6A) aircraft. The static longitudinal
and lateral -directional stability characteristics along with the

control effectiveness are presented for the hover (in and out of -
ground effect) and transition flight regimes. In addmon, the
dynamic:longitudinal and lateral-directional stabihty characteris-
tics are presented. Also, the rigid mount AFFTC VTOL thrust
stand facility was utilized to evaluate the engine, nozzles, and

flight control system in a simulated hover environment.

Trebble, W. J. G., Low-Speed Wind Tunnel Investigation of the
Roll Stat:.tity of a 1/5-Scale Model of the Short SC-1 at Large
Stdeslip, ARC-CP-994, May 1967 (AD 837 313)

This report presents the results of a low-speed wind tunnel test
on a 1/5-scale model of the Short S.'C.-1. The test was conducted

primarily to determine the roll characteristics of the model at
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197.

213.

235.

large sideslip angles. Lateral and directional forces and moments
are presented for various air speeds and sideslip angles.

Newsom, W. A., Jr., Effect of Ground Proximity on Aerodynamic
Characteristics of Two Horizontal -Attitude Jet Vertical -Take-Off-
anc-Landing Airplane Models, NASA TN D-419, Sept. 1957 (AD
144 809)

This report presents the results of a static simulated power test

of two jet VTOL models. One model was a tilt-wing and the other
was a deflected jet in the fuselage. Tuft studies and some force data

are presented. Cascade vanes were employed to obtain the thrust

vectoring.

Smith, C. C., Parlett, L. P., Flight Tests of a 0.13-Scale Model
of a Vectored-Thrust Jet VTOL Transport Airplane, NASA TN
D-2285, 1964

This report presents the results of an experimental investigation

to determine the dynamic and control characteristics of a 0.13-
scale model of a vectored thrust jet VTOL transport airplane.
The model has a straight wing mounted on top of the fuselage and
is powered by two vectored-thrust iurbofan engines mounted in
nacelles under the wing (four rotating thrust nozzles per nacelle)
and six turbojec lift engines mounted in wing tip pods with three
engines in each pod. Free~flight tests were conducted in hover
(in and out of ground effect) and transition with motion picture
recordings. Static longitudinal and later-directional characteris-
tics are presented from wind tunnel force tests.

Vogler, R., Kuhn, R. E., Longitudinal and Lateral Stability
Characteristics of Two Four-Jet VTOL Models in the Transition
Speed Range, NASA TM X-1092, May 1965

This report presents the results of a NASA investigation of the

longitudinal and lateral stability characteristics of two four-jet
vectored thrust type VTOL models in the transition speed range.

The basic model investigated had a low aspect ratio delta wing

with variable-sweep auxiliary wings, iwin inlets, and four adjustable
exit nozzles. The modified model was obtained by removing the delta

wing area rearward of the jet exits of the basic model and adding a
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conventionat horizontal tail. Six component data were obtained for
botaa models from hover to conventional flight speed range.

Anon, Unpublished NASA Wind Tunnel Data on Praliminary Tests
of the X-14 at NASA, Ames, 1967

These unpublished data present the results of preliminary tests of
the XV-14A in the NASA 40 x 80 foot wind tunnel. Force and moment

data have been obtained for power on and off conditions and ¥ =0°
anad 90°.
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APPENDIX
SUMMARY OF V/STOL REFERENCES
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KEY TO V/STOL SUMMARY TABLE (See Table VI)
COLUMN HEADING ABBREVIATION DEFINITION

V/STOL Concept LF Lifting Fan

Ly Lifting Jet

vT Vectored Thrust

D Tilting Duct

™ Tilting Wing

TP Tilting Propeller
Nature of Report Material | A Analytical or Theoretical

E Experimental
Flight Regime or Airflow H Hover

T Transition

C Cruise

LOow Low Speed Near Hover
Test Article (Component) w Wing

B Body

T Tail

J Jet

DP Ducted Propeller

FP Flat Plate

D-FAN Ducted Fan

I Inlet

W,B, T Total Configuration
Types of Test wT Wind Tunnel Test

FT Flight Test or Free-Flight

BT Bench Test

SIMUL Simulator

HT Hydrodynamic Test
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(Continued)

TABLE VI,

Areas of Investigation or Anatysis

VA

Stability & Control
-

L

X

X

wT
WT
VT

nT
BT
ntT
1T
wr
wr
wr

wT
wT
wT
wT
BT
WT

wT

wT

None

None

W,B, T

FP
w,B

WV, B
W.B, T

W,B, T
FP

B, Fp

w

w,B

W,B, T

Jet
FP

Wv,B, T

\\Y
w

W

H,T,C

H,T

H, T

n

T

T,C

T,C

AE

Ly

)

ALL
ALL

1J
LF,LJ

Any

Any

LJ, VT

Any
Any

Any
Any

960

1
1

1963
1964
1964
1966
1966
1967

1962
1958
1966
1966
1964
1964
1966
1967
1968
1969
1969
1967
1967
1965

1965
1947
1952
1948
1947

209
210

214
216

21
219

220

™

225
226
227
228

229
230

231

32
233

>

234
235
236

2317
238

239
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